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IX - S50i& ANALYITICAL CONSIDERATIONS AND EXPERIMENTAL
TEST RESULTS FOR ANV INTERWALLY BALANCED FLAP

By Richard I. Sears

SUKMARY

An analysis has been made to determine the probabdle
aerodynanic sectlon characteristics of a plain flap with
various arrangements of an internal balance. Tests in two-
dimensional flow have been made in the HACA 4- by 6-foot
vertical tunnel of an NACA 0009 airfoil with an internally
balanced flap in order to check the validity of the analyt-
ical calculation. The results of these tests, presented
in this paper, indicate that the calculations are in agree-
ment with exmeriment. The analysls khas been extended on
the basis of the lifting-line theory to include an approx-
imate mothod for the design of an internal balance for a
control surface of finite sgpan.

The present investigation indicates that an internal
balance is an aerodynamically desirable means of control-
ling the magnitude and the direction of the rate of change
of flap hinge moment with angle of attack and with flap
deflection. DBecause the internal balance is entirely con-
cealed within tke airfoil contour, the 1lift, the drag,
and the pltching-moment characteristice of the control
surface are in no way affected by the presence of the bal-
ancing surface. Analytical congiderations indicate that a
full-span balancing tab actuated by an internal balance
should prove to be a feasible method of reducing control
forces.

INTRODUCTION

The desirability of reducing the hinge moments of air-
plane control surfaces has long been apparent. The reduc-
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tion of control-surface hinge mom=2nts dhould rrefer—

ably be accomplished in such a manner as to improve and
not to impair the fiying qualities of the airplane. In an
effort to solve this problem, the WACA is conducting an
extensive investigation of the aerodynamic characteristics
of control surfaces. The main objectives of this investi-
gation are to arrive at a rational method for the design
of airplane control surfaces, to det ermine the type of
flap arrangements best suited for use as coabtrol surfacos,
and to supply exporimontal data for design purposes.

Several years ago the NWACA made measvremonts in two-
dimonsional flow of the pressure distribution on an NACA
0009 sivrfoll with »plain 1laps of various chords. The ro-
sults of thoeso tests aras revorted in roforeacss 1, 2, and
3. Tho pressure-distribution records of thase tests have
baen analyzed to detcrmine the possiblae characteristics of
a flap with an intermal balance. The internal balance is
a mechanism by whick the prossure differerco betwoen two
points on tho sirfoil is uscd to0 act upon a flat plate or
siullar device entirely onclosed within the airfoill pro-
filc and thus to dn Wworl: in deflecting the coatrol surface.
By the proper location of vents on the airfoil surfacs, it
vas found to be thooretically possible to0 vary independent-~
1y the #lap hinge-moment parameters to any desired magai-
tude and to provide the cgntrol surface with any desirod
initial hinge moment at O angle of attack and flap deflec~
tion.

Tho present paper presents a theoretical snalysie of
the caarscteristics of an intermal bailance and a method
of calculzabing the physical charactericiics of such a bal-
anclng device to give any desired cection hinge-momernt
characteristics to a control surface. In order to check'
the analytical calculations, tests of an intornally bal-
anced flar have baen made in two-dimensicnair flow and the
resulss of thege vests are discuszed. Yne application of
internal talance to tavs is brisfly treasted.

SYMBOLS ,

The symbols used in this papsr are:

C;, airfoil 1ift coefficieént (IL/qS)
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airfoil section 1ift coefficient (1/qec = dL/qedd)
flap hinge-moment coefficient (H/gcpSe)

flap section hinge-moment coefficient

(h/qcfa = -—EEL-)

qcg db
alrfoil ssction pitching-moment coefficient

(m/qcz = —QEL—->

qe?dv

rosultant pressure coefficient (—-E———

airfoll 1ift

alrfoil section 1ift (d4L)

flap hinge moment

flap section hinge moment (d4H)
airfoil pitching moment

alrfoil section pitching moment (4H)
airfoil arsea

flap area

chord of airfoil section

chord of flap measured at airfoil sgsection from hinge
axis to trailing edge of airfoil

root-mean square chord of flap

chord of balancing plate

dynamic pressure of free air stream

static pressure at point on upper surface of airfoil

statlc pressure at corresponding point on lower sur-
face of airfoil
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(o2 angle of attack
g angle of attack for infinite aspect ratio
] daflection of flap with respect to airfoil
b gspan of surface
x chordwvise location of vent measured from airfoil
nose
R . nose radius of flap
k constant defining size of balancing plate
cy span~load-digtribution factor
al
c, gpan-load-distribution factor
bl
A espoct ratio
ach Bch
[+] = = = ¢
h@ aa % Sty /g haa
o¢c Cy
o =<__;~._> - La.) = o
6 o8 (38 c8 5 (AN 85
ot aC
o, = (30) = “‘£> = Oy,
X aa: 8 aavz 8 a,s
cc 3¢
G, G,
o aaro 5 aa'g 5 d,a
BGL
¢y = = ¢y _ Of
g a* al oo
aC a
o = (=%) = <__. =
& o6 - '88306 84
dc ac \
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0 initial force" and mome%t at angle of attack of 0° and
flap deflection of O .
1 ‘-;induced angle
2‘3--characteristics 1n two dimqnsional flow
:characteristics in bhreé;éiﬁQLSIOﬁal flole
ﬁflap characteristics | S
b balancing-surface characteriséics

Subscripts outside paréntheseh around partiel derivatives
1ndicate the variables held constant when the ‘derivatives
are taken,
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Primq indicates effective value for flap and balancing-
surface c4mbinations, The term "flap' refers.to the mova-
ble part of the control surface behind the- hinge axis {rud-
der, elevator, or aileron).

. £

ANALYSIS OF INTERNAL BALANCE IN QNOCD{MEﬁSIONAL”fLOW

An internal balance consists essehtially of a flab
plate enclosed in a sealed chamber within the airfoil
(fig. 1). The plate is connected to the flap surface ei-
ther directly as in figure 1(a) or by a linkage system. as
in figures 1(Db) and 1(c). The free edges of the platé’
are sealed by a suitable means to the. walls of the cham-
ber in such a way that the static pressures at correspond-
ing points on the upper and lower surfaces of: the alrfoll,
admitted through vents, act on opposite sides of the plat@.
The resulting force on the flat plate ‘causes a moment that
tends to balance the aerodynamic hinge moment of the flap.
The hinge-moment characteristics of the flap can be con-
trolled by varying the locatlion of the vents and thg size
of the balancing plate. The calculation of the section
characteristics of a flap with an internal balance is de~
scribed in the following analysis. o P A

The distribution of pressure normsl to the airfoill
surface has been experimentally measured in two-dimensional
flow for the NACA 0009 airfoil with plain flaps (references
1, 2, and 3). From a study of the pressure-distribution

" ndlagramg ;obtained in these investigatlons, it has beon ex-

perimentally determined that the variation of pressure at
any point on the airfoil surface 1s a linear function of
both angle of attack and flap deflection. The rangs of’
linear variation,_of course, is terminated by separation
phenomena, ™ : . R R s ) ) ' "

The raté of change of-resultant pressure coefficient
with angla of attack P, and with flep deflection PS
is plotted as a function of chordwise position in figure 2
for the NACA 0009 airfoil with 4 0.30c, a 0.50c,.and an-
0.80c¢c plain flap with sealed gap at the flap nose. Be- -
.cause of separation;phenomena, the-variation of P with
‘@57 has 'the slope 3P@é conly within the limlts  ag —'i10°

and the variabtion of P with &, bhas the slope P,
3
only within &, = #10°.

\d




e la®
L")./ 7.

‘to plot the ratio P_. /P

The section hinge-moment coefficlent of a flap equipped
with an internal balance may Dbe expressed as

et = ol ot ts NED
where
‘ 3
c,, ' =c¢ + kP
Sy T Yhg T @
and ' i ' (2)
cn..! =.c¢ + kP
_bs_ Thg Qa

With the hinge-moment parameters Ch,, ahd'-chg~-of the

t
Cha'

Qhal“ fqr the balanced flap known, the required values of

flap to be balanced and the desired parameters and

.'f¢;' and P6 - can e . computod ‘ The vént 16caﬁibn that

gives these rates of change of pressure can thon be picked
from the curves of figure 2, The physical dimensions of
the balancing plate and the mechanical advantage of the
linkage system:that connects the plate to the flap are de-
termined by the factar k which can be evaluated from
equation (2) . .

S e P . kP c -.C
AP %3 % . Bes T Pg (3)

L. R kP, 7 g, ot -ley -

‘In order td locate the proper. vent. it is convenient

cg 655" as a funqtion of chcrdwise po-

sition. The vent location fhat. gives the ratio P, /P53

_:calculated from equation.(3).can be determined from this
.. curve, which gan - be plotted from the data nresented in
‘figure 2. T : :

R -

The size df balancinb;plate required depends upon the

* type ‘of motion--the plate undergoes as the- flap is deflected.

If %he plate 'is hlnged along one edge, the size of plate

_Arequire& t'o do-a given amount of work in balancing the flap
will be twice-as. great as that required if:the plate is al-
. _loued to move as a. piston. In either case the'size of

¥
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plate reguired is determined by the factor. k. After the
vent locations have been determined, the values of Pag

and P8 are known and k can be evaluated from equation
. ‘ R : I h .
(2). Thus
!
k = — 5 = 5 (4)
. . - a.'é .- - a'a

For a rectangular flat plate hinged at one edge, the
moment about the hinge caused by a“uniformly distributed
pressure is

Pe.2 by . :
~“b b, 52
2, .t e

This quantity multiplied by.tho.mechanical. advantage
aaf/aab of the connecting linkage is the balancing moment -

supplied to the flap. -Thé size of the balancing plate in
terms of the flap chord 1is, thqrefore,

e ', T b 580 . -
oo S £ L . (s)
LG ,' . . b’b 88b . ) -

If the vent on the upper surface is located at a dif-
ferent airfoil station from tHat of the vent on the lower
surface, the internal balanceg will cause the flap to have

an initial hinge-moment coefficient ¢, at an angle of
0

attack and ~ flap deflection of 00. In this manner tho

irnternal balance ‘can. be: designed 50 subply the flap with
-~ afd’ Tnitial floating tendency. :

L Sories of calculations has been made to illustrate

‘the possibilitiee of the thternal balance as a means of

regulating the hinge-moment. paramoters -of .g control. gsur-

faco. The resultant prossurc charactoristics for the NACA

0009vairfoil in two-~dimensional flow as presented in figure -
2 weére‘useéd ‘as the “bases of the oalculations, and the re-
- dultd for tho 0.30c and the 0.50c flap are given in figure
V3. THe application ofithe analysis already derived is 1l- R
) 1ustrated by the .following example-worked out for one par-

ticular point on.the cuirves of figure 3; The‘hinge~

' ‘moment paraneters ‘dh and chs for the 0.30c plain flap
@
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on the NACA 0009 airfoil can be found by taking the moment
about the 0.70c etation of the areas under the curves of

P062 = £ (x/c) and P82_= f,(x/c) 1in figure 2. For the
unbalanced flap, ¢, = -0,0075 and cha = ~0.0130,

o
The vent locations and thue length of the balancing plate
required to make ¢y ' =0 and chs' = 0 mnay Dbe calcu-

1]
lated from equation (3)

Pag, O - (-0.0075)
Pg_ 0 - (-0.0130)
3 .

= 0.577

Figure 2 shows that P“a/Pse has the calculated value of

C.577 at <x/c = 0.66. Tho vents should be located, there-
fore, at this station. The required length of the bal-
ance plate can be found fron the factor k. Fron equation

(4),

0 - (-0.0075)

k =
0.047

= 0.160

Fronm equation (5), for Dby = b and 08¢/08p =1

b
i /2(0.160) (1) (1) = 0.56

The section hinge-monent characteristics for 0.50c
and 0.50c flaps on the NaCA 0009 airfoil were computed,
for various arrangenents of internal balance (rig. 1(D)),
to make ¢, ' = ¢y /2, 0, and -cy /2. The length of

aQ, a o

the balancing plate required to give the specified values
of ¢y ' and the resulting values of cha' are plotted
&

as functions of vent location in figure 3. The mechanical
advantagoe of the gysten is uniiy.

An inspection of figures 2 and 3 together indicates
that small values of chB’ nay be obtained by locating

the vents near the flap hinge axis becausse in this region
the rate of change of resultant pressure with flap deflec-
tion is large. The sigze of balancing plate required for
a given value of cp ! 1ill decrease, thorefore, as the

vent location approaches the hinge axis. Conversely, snall
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values of ¢y ! yithout much reduction in chs' may'be
@

obtained by locating the vents near the airfoil nose be-~

causc the size of balancing plate regquired for a given

value of Ch ' decreases as the vent location approaches
(o4

the airfoil nose., Comparable amounts of balance are ob-
tained for the 0,30c and the 0.50c flap by balancing plates
of practicelly the same sige relative to the size of the
flap and by practically the same location of the vent with
respect to the hings axis. For eithner flap, therefore, a
balancing plate apvroximately 0.500f long with vents locabt-

8d approxinately 0.15cf ehead of the hinge axis 1s required
to reduce both ¢, ' and ¢, ' to zero.
hg, by

EXPERIMEITAL VERIFICATION

Apparatus, Hodel, and Tests

Tests of a model wing with an Internally balanced flap
have teen made in the FACA 4- Dby 6-foot vertical tunnel in
order to check the validity of the theoretical analysis.
This tunnel, described in reference 4, has been modified
for tests in two-dimensional flow. A three-component bal-
ance systen has been installed in the tunnsl in ordsr that
force-test wmeasurements of 1ift, drag, and pitching no-
ment can be made. The hinge nonent of the flap was neas-
ured by an electrical strain gage built ianto the model.

The 2-foot-chord by 4-foot-span nodel {(fig. 4) was
rade of larinated mahogany to the NACA 0009 profile (table
I). It was equippsd with an internaliy balanced flap hav-
ing a chord 20 percent of the airfoil chord. The inter-~
nal baelance consistzd of a full-span flat plate O.2¢lce 1in
lensth and fastened rigidly to the flap. Tha plate was
attacked to thne flap iz such a way thzb w%en tho flap was
nevtral the plate was defleected down 13.5 . With this
installation the flap could be deflected 24° positivoly.
The odges of the plate were sealed to the walls of the
balancing chanber by o rubber sheet. At the 0.56c sta-
tion a series of holes 1/8 inch in diameter (0.0052c)
spaced spanwise 5/16 inch .(2% diam.) on centers were drilled
through the upper and lower surfaces of theo alrfoil to serve
as vents., TFor a part of the tests, the gap between the air-
folil and the nose of the flap was sealed with a light groase.
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For other tests, the vent location was moved back near the
hingo axls, %o x/c = 0,69, by renoving the gresase that
filled the gap and by sealing the original vents wilth
scotchk tape.

Because the model conpletely spanned the tunnel, two~
dimensional flow was approximated. The tests were nade at
a dynamic pressure of 15 pounds per square foot correspond-
ing at standard sea-~level conditions to an air welocity of
about 76 miles ver hour and a test Reynolds number of
1,430,000. Lift, drag, pitching moment, and flap hinge
moment were measured for esach flap deflection throughout
the angle-of-attack range from positive to negatlive stall
of the airfoil in 2 increments of angle of attack. Tests
were made at flap deflections of 0°, 1°, 2°, 5%, 10°, 15°,
20°, 2nd 24° with ths forward location of the vent. The
outer 2& perceni of the vents at each end of the span
wvere then sealed and tests were made at flap deflections
of 0° and 10°. VWith the vent located near the hinge axis,
tests wvore made at flap deflections of 00, 50, 100, 150,
20°, and 23.5°.

Procigion

The maximum error in the angle of attack or in flap
setting appears to be about 0.2 . An experimentally de-
termined tunnel corre ction has been applied only to 1ift,
The hinge moments, therefore, are probably slightly higher
than would be obtained in free air. Because of an unknown
tunnel correction, values of drag coefficient should not
be considered absolute; the relative values, however, are
generally independent of tunnel effect.

Computed Characteristices of Flap Tested

The balancing plate was rigidly fastened to the flap
in such a way that the flap nose formed the rear wall of
the balancing chamber (fig. 4). The predicted character-
igtics of figure 3, tnerefore, do not strictly apply for
this particular type of installation. Because the pres-
sure in both sides of the balancing chamber acts uniform-
ly on 21l walls of the chamber and because one wall of
the chamber was the flap itself, the balancing moment must
be calculated to include the moment of the force on the
flap nose. The forward edge of the balancing plate was
sealed to the forward wall of the chamber by a rubber
sheet. For a proporly designed sesl, thereforse, half the
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force on this geal may be considered as belng transmitted
to the flap as a balancing moment. For the type of instal-
lation tested, with the dimeneions shown in figure 4, the
balancing moment is )

2
Pey (R + cy/2)byq = KPep beq

Therefore, because by = be

. .680 + 2,845/2
_ (B +2cb/2) _ 2 945(0.68 _ /2) 0.122
ce (7.200)

With the forward location of the vent, at =x/¢ = 0,56, fronm
figurse 2 .

Py, = 0.062

Pg_ = 0,060

2

The hinge-moment parameters
arse, from refsrence 5,

Ch =

of the plain unbalanced flap

-0.0070

(e

Cpg = =0.0120

These valucs are slightly less than thoso measured in tho
rressure-distribution investigation (reference .l) but, be-
cause the ckord of the model of reference 5 was esmaller

(2 £t instead of 3 ft) possible tunnel effects are smgller
than for reference 1 and therefore these values are con-
sldered more accurate.

From equation (2), the computed characteristics of
the internally balanced flap tested are

cp ' = (-0.0070) + (0.122) (0.062)
G
= 0.0006
¢y ' = (=0.0120) + (0.122) (0.060)
8

-0,0047

e

Similarly, with the vent located slightly forward of the

hinge azis, at =x/c¢ = 0.69,
Py, = 0.041
Psa = 0.120
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For this vent location, therefore,

(-0.0070) + (0.122) (0.041)

-0.0020

]

(-010120) + (0.122) (0.120)

0.0026

Experimental Results

The experimentally determined aerodynamic section
characteristics of an internally balanced flap on the NACA
0009 airfoil are presenicd as functions of alrfoil sec-
tion 1if%t coefficlent in figure 5 for two vent locations,
The valuss of Ttertain asrodynanic parameters measured from
the dats presented by the curves of figure 5 are listed in
table II. The effect on the aerodynamic section charac-
teristics of sealing the outer 25 percent of the forward
vent holes &% each end of the span is shown for flap de-
f%egtions of 0° and 10° by the dashed curves in figure -
5(a).

The 1lift, the drag, and the pitching-moment charac-
teristics of the internally balanced flap were the same
as those for the plain, unbalanced flap of the same chord
on the same airfoil (reference 5). This result is to be
expected Decausge the air flow over the airfoll is not dis-
turbed in eny way by the presence of the balancing device.

The computed hinge-noment charscteristics are in re-
markably good agreemnent with the experimentally deter-
mined characteristics. A comparison of the measured and
the computed hinge-moment parameters is nade in table II.
With the forward vent location, at x/c = 0,56, the slope

¢y ' was nearly the same for all flap deflections tested;
a

vhereas with the conventional inset-hinge type of aerody-~
nanic balance Ch generally increases negatively as the
(oA

flap is deflected. The hinge-mnoment characteristics were
not affected appreciably by seallng the outer 25 percent
of the vents at each end of the span. Because, at 0° and
10° flap deflection, the curves cp = f(cl)8 did not
change slope whon the outer vents were sealed the slight
change in chs' can probably bo attributed to experimen-

tal error.
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o The flap was overbalanced at defleetlone less than
10" vhen the vent was located near the hinge axis, at
xfc = 0.69, (fig. 5(b)). The flap with this arrangoment
of internal balance will require the usce of a leading,
that is, unbalanrncing, tad in order to give satisfactory
characterisgtice. The magnitude of overbalancing moment was
not so great as that predicted from aralytical consider-
ations,

It should be noted that the experimental tests report-
ed in thils paver were made for steady~state attitudos of
the model and no attcmpt was made to Investigato possible
lag sffects or damping caused by the rate of change of the
angie of attack or the flap deflection. The determination
of the opitimum size: of vent for minimum lag and for proper
damping are subJjects for fubure investigations. .

THEORETICAL APPLICATION OF INTERNAL BALANCE

TO CONTROL SURFACES OF FINITE SPAN

The spanwvise as well as the chordwise distribution of
resultant normal pressure over the surface of the wing
must be known in order to calculate the vent locations and
the sizs of balancing plate rsquired to balance a control
surface of finite span. Unfortunately, becauss the lifting-
line theory assumes the induced downwash to be constant
along ths chord, the chordwise distribution of resultant
pressure at a section of a wing in three-dimensional flow
caznot be accurately caomputed by the application of theo-
retical aspect-ratlio corrections based on the lifting-
line theoryT to the chordvise distribution of resultant
pressurs Ter a ving in two-dimensional flow. Until the -
lifting~surface theory provides an adequate method for the
computation of chordwise diestrivution of resultant pressure
at any section of a wing of finite aspect ratio or until
empirical correction factors are experimeantally determined
for the existing 1ifting-~line theory, the pressure distri-
bution and hence the hinge-moment characteristics of con~
trol surfaces of finite span cannot be accurately estimat-
ed from two-dimensionel-flow data. A research program %o .
correlate two- and three-dimensional-flow asesrodynamic
characteristics both theoretically and experimontally is .
bsing conducted by the NACA., . .

Section data, corrected according to the lifting-line
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theory, can serve as a first approximation for the ecalcu-
lation of the hinge-moment characteristics of a finite-
span control surface with an internal balance. 4&n internal
balance for a finite control surface may be designed from
the pressure-distribution diagrams for two-dimensional

flow corrected in the manner to be indicated in the discus-
sion which follows. IZ expsrimertal %tests of such a bal-
anced surface fail to glve qulite the dssired hinge-mcment
characterlstics, the Cireciion and ths order of mesgniiude
of modificationsg to tkhe internal-bslance Gesign can be es-
timated from the availsble pressure-distribution diagrams
even though they are not exact. .

In order to arrive at a first approximation to the
variation of resultant presgure coefficient with angle of
attack and flap deflection for a wing of finite aspect
ratio, the span-load distribution should be comvuted.

From the tablss presentsd in references 6 and 7, for wings
of various espect ratios and taper ratios, the ssction

1ift coefficient ¢ at any spanwise statlon can be com-
puted in terms of the characteristics of the complete wing. -
Thus, at any section of a wing, )

al Qg ° b1 84 ¢
Therefore
c = ¢ ¢
1“3 zal L“s
and
(o] = G
Vs, vy Vs
The terms c and ¢ are span-load distridbution- -
Va1 2%}

factors and can be evaluated from references 6 and 7.

If, in accordance with the lifting-line theory, the :
induced angle of attack at any section of a wing is as-
sumed constant across the airfoil chord, the aspect-ratio
corroction to the variation of the resultant pressure dis-
tribution with angle of attack is the distribution of
pressure caused by the 1nduced angle of attack at the sec-
tion in question. Thisg correction is 1llustrated in figure
6. Thus

Crm L e T e r s e me e v, e Ty 0T D e W N e T e A AR T Ty ¥ oy et e e
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Because
c
Cz = Cz’ CL = N Pa’ (X)d.x
o 2 al s S 3
o

it can be shown that tk curve Py = f,(x/¢) should be

corrected in proportion to the s8lope of the 1ift curve to
obtain the curve Py = £,(x/c). Thus

[8 9
P = P 3
L 23-] cZ

o

2

]
T
Q
ot
o
Q
o
®
I—l
Q
=
1]

This form of asvect-ratio correction is similar to that
discussed in reference 8 for the hinge-moment parameter

Qha.

The variatlion of resultant pressure distribution with
flap deflectdon should be corrected for aspect ratio by
the distribution of vressure caused by the effective 1in-
duced angle of attack at the section under consideration
vhen the 1ift is changed by flap deflections. Thus, as
illustrated by the curves of figure 6,

P = P + P
53 63 81
c
1
8
= P 3
Psa * g c,
Tz
€3
- P, 4+ (P, -P ) 2B
- 83 0’,3 (o 7 cz
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]
P > + P 2
( 8 cz Q q cL
P > + <P > e C
( 8/ ¢, “1y vl Tg

The final expression for Py ig similar %o the'aspect~
3

3

ratio correction for the hinge-moment parameter Ch8 (ref-

erence 8). The resultant pressure distribution caused by

flap deflection can be divided, therefore, into two parts

as in figure 7. One part <P5>L = f_(x/c) is due to cam-

« 1

ber and, according to the lifting-line theory, is inde-

pendent of aspect ratio. The other part <P°L> czblGL8 =
: 3

fg(xz/c) 1is dependent on 1ift and must be gorrected for

aspect ratio in the manner indicated; (?c is theorst~

5.
ically independent of aspect ratio.

The curves Pms = f£,(x/c) and P8 = f,(x/ec) for a

finite wing can be computed from the curves Pa, = f,(x/e)

and Py = fo(x/c) for the airfoil in two-dimensional flow.

Such computations, of course, are subject to 2ll the limi-
tations of the lifting-line theory. A4t best, therefore,
the presgsure digtribution calculated by this method can offer
only a first approximation to the actual chordwisge distribu-
tion of resultant pressure at a section of a finite wing.
For small aspect ratios, the effect of induced streamline
curvature probably causes considerable discrepancy between
the actual and the computed distribution because the param-
eters z 3 and 83 coase to be independent of as-
C1
pect ratio,.

Once the curves sz = f (x/c) and P83 = f4(x/c)

have been determined at several spanwise locations, the
calculation of the characteristics of the internal balance
should be made in the ggme manner as has beén discussed

for a model in two-dimensional flow. Thus it shoulg De
possible to calculate the slze of the balancing plate and

S e e sme e e AL i e R e e et e Tt e e e e e m—— e oy e = = e
R P T =T T < ST TS




Al e e U e e b T e A A = e At o -

is

the vent location that give any desired hinge-moment param~
etesrs to & contrel surface of finite span.

As a part of the WACA wind-tunnel investigation of
control surfaces, experimental tests are scheduled to check
the proposed method of making design calculations for an
internally.balanced control surface of finite span. The
experimental tests of an internally balanced flap in two-
dimenslonal flow have shown good agreément wilth the calcu-
lations for a control surface of infinite aspect ratio. .
The tests in two-dimensional flow can serve, therefore, to
indicate the direction in which the vent location should
be noved on a control surface of finlte span if the calcu-
latod location should fall to give the desired hinge-
moment charsctoristice. The vent locatiorn should be moved
toward the lsading edge of ths airfoil %o decrease chal

and should be moved toward the flap hinge axis to decrease
chs'. The magnitude of the balancing moment may be varied

by altering the size of the balancing plate. This proce-
dure doos not ckange the ratio of the balancing moment
pronortional to the angle of attack and the balancing mo-
ment proportional to the control-surface deflection.

PROPOSED APPLICATION TO BALANCIHG TABS

One possible use of internsl balance that is worth
noting isg its application to balancing tabs. A full-span
balancing tab is a powerful device for reducling the hingo
moments of a control surface provided that the tab can be
deflectod as a function of angle of attack as well as of
flap deflection. It 1s therefore proposcd to provide a
control surfaco with a full-span balancing tad actuated
by an internal balance to govern the rate of tab deflec-
tion with angle of attack and with flap deflection. If the
flap 1s provided with a moderate noso overhang, the amount
of work the tad must do to balance the flap is reduced and
a tab of small chord that operates woll within the linear
range may be used. The internal balance, because 1% has
only to augment the tab hinge moments, can be made small
and compact and most probably in the form of a piston and
cylinder. The principal objection to an internal balance,
size, can theroefore be largely overcoms.

Calculations indicate that with the type of installa-
tion described, the tab would float freely in such a manner
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that the hinge moments would be reduced, the pilot's con-
trol belng attached directly to the flap, If the internal-
ly balanced tab is arranged to float in such a way that
ohfd is positive, Chfa is negative, and the pilot's

" f

control effcets a trim sctting to the balancing tab, the
system becomes the squivalent of a servocontrol system
that has a tondency to float against the relative wind.

The application of an internal balance to tabs became
apparent in the study of the characteristics of the inter-
nal balance and i% is mentioned in this paper only as a
possible npplication of the device. The detalled charac-
teristics of such a system are beyond the scope of this
paper and remain a sgubject for further lnvestigation.

.CONCLUSIONS

The theoretical analysis presented in this paper and
the experimental results of tests in two-dimensional flow
of an internally balanced flap on an NACA 0009 airfoil in-
dicate the following conclusions:

1,. An internal balance is a feasible and an aerody-
nanicelly desirable means of .controlling the magnitude and
the direction of the rate of change of flap hinge nmonent
with angle of attack and with flagp deflection.

2. Section hinge-moment parameters calculated for an
internally balanced flap from experimentally determined
pressure~distribution diagrams are in satisfactory agree-
ment with parameters measured experimentally on a model
in twvo-dimensional flow.

3. BExperiment indicates that because the internal
balance is entirely concenled within the airfpil contour,
the 1ift, the drag, and the pitching-romant characteris-
tics of the control surface are in no way affected by the
presoncs of the balancing surface.

4, BSection data, corrected for aspect ratio accord-
ing to the lifting-line theory, can serve as a first ap-
proximation for the calculation of the distribution of re-
sultant pressure and hence the hinge-noment characteris-
tics for a filnite-span control surface with an internal
balance.
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5. Anglysis indicates that a full-span balanéing tad

actuated by an internal balance should prove to be a fea-
g8ible method of reducing control forces.

Langley Hemorial Aeronautical Laboratory,

National Advisory Comnmittee for Aeronautics,
Langley Field, Va.
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